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ABSTRACT 



The American Institute of Physics (AIP) publishes 
97** of the primary research journals in the discipline of physics in 
the United States. These journals have provided an indispensable 
communication mechanism for research results and education in physics 
and astronomy. A redesign of the present journal system is required 
because of expansions in size, increased interdependences of science 
disciplines, higher expectations of physicists and reasonable 
availabilities of new technologies. Designing and phasing into a new 
system must be based on an understanding of the basic economics of 
the present system. Thus, the focus of this report is on the 
financial aspects of today's AIP publishing program with some 
preliminary thoughts on new, more user-oriented journals. (NH) 
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ECONOMICS OF PRIMARY JOURNALS IN PHYSICS* 

H. William Koch 
American Institute of Physics 

Introducti on 

Primary research journal publishing in the discipline of physics** In 
the United States is concentrated (87%) in the American Institute of Physics. 

AIP journals comprise the 18 titles listed in Tables lA and IB. These journals 
are published by AIP for itself (lA) and its menber societies (IB). The data 
in the tables give circulation, size, and cost figures that have been compared 
extensively by C. Herring^ and others^ with figures for other journals in 
various disciplines of basic science and technology. The comparisons are very 
favorable to the economics and efficiencies of the publishing operations of AIP. 

Problems of production, distribution, and utilization of the existing 
primary journal system in physics are becoming evident due to expansions in 
size, increased interdependencies of science disciplines, higher expectations 
of physicists, and reasonable availabilities of new technologies that are 
requiring a redesign of the present system^ »^. Designing and phasing into a 
new journal system requires that there exist an understanding of the basic 
economics of the present system. This report will focus on the financial 
aspects of today's AIP journal publishing program and will offer some preliminary 
thoughts on new, more user-oriented journals. Basic to this focus is an explana- 
tion of operational concepts and editorial policies of AIP journals, the page 
charge concept in physics journals, the present experiences with the concept, 
and the anticipated role of page charges in any future journal system. 

- 1 - 

*A talk based on this report will be presented in a session entitled "Economics 
of Scientific Publication" chaired by Burton U. Adkinson, to be held at the 
AAAS meeting in Boston, Massachusetts on 29 Decetrber 1969. 

**A1 though the term "physics" is used throughout this paper, astronony is assumed 
to be included; in the U. S., The Amen’can Astronomical Society is a member 

Er|c society of the American Institute of Physics. 
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Operational Concepts 

The most important operational concepts basic to the favorable statistics 
at AIP are the federation concept of running a publishing business for scientific 
societies and the page charge concept. 

As a federation, AIP performs those conmunal operations for the member 
societies that provide benefits resulting from centralized operations^. The 
societies concentrate on scientific and technical affairs, while AIP concentrates 
on business and administrative operations that the societies prefer not to do 
themselves. Since the societies are autonomous, they carefully examine the cost, 
timeliness, and quality characteristics of AIP operations and insure that their 
meni>erships are being best served by the centralized operation. The self- 
criticism, competitiveness, and efficiencies inherent in the AIP relationship to 
the societies has resulted over many years of operation in a publishing operation 
that has served as a model for other non-profit as well as for-profit publishers. 
This publishing operation of primary research results is the largest of its kind 
in the world. 

The second concept that is of over-riding importance is the page charge. 
Page charges of the order of $60 per printed journal page were in effect in 
•calendar year 1968 for AlP-owned journals. These charges were established by the 
AIP Governing Board to be an equitable contribution by authors' institutions to 
cover most of the editorial and composition costs of the pages published for 
authors. The remaining production costs of printing and mailing are borne by 
the subscribers. Page charges were pioneered in AIP journals in 1930® and have 
represented a non-obligatcry subsidy by authors' institutions. This is to some 
extent comparable in principle to the subsidies implicit in the guaranteed 
subscriptions of libraries and in advertising income on which many commercial 
journals have been largely dependent. The page charge income has permitted a 
concentration by AIP on the maintenance of high standards of scientific quality, 
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timeliness, and low cost. For example, the advertising in AIP journals is 
relevant to physics research and education needs and is not included in journals 
for the sole purpose of deriving income^. Page charges have also permitted the 
pricing of AIP journals for the benefit of individual subscribers as contrasted 
to the pricing of for-profit journals primarily for institutional subscribers. 

The menber pricing of some AlP-published journals is as low as 0.29^ per page and 
is to be compared to the pricing of for-profit publishers that is sometimes as 
much as 5 to per page^. 

Editorial Policy 

Individual journal characteristics such as content, quality, timeliness, 
and cost by and large reflect the general editorial policy applicable to a 
particular journal. Editorial policy is determined by AIP and meirber society 
publication boards and scientific editors of the journals. 

The most significant policy procedure relating to journal quality is 
the referee system that is quite time consuming. On the average, refereeing time 
consumes about half the average total time of six months (submission of manuscript 
to scientific editor to publication of article in AIP or society journal). 

In addition to pre-production quality control, editorial policy dictates 
the character of copy-editing and subsequent production procedures. Centralized 
copy marking and proof checking at AIP has resulted in a low cost and efficient 
operation by a staff of over 70 people. Proofreading of galley pages by the 
author allows authors to review printed versions of articles and institute 
corrections and minor changes. Page proof checks by AIP editors insure even 
further and last minute quality control to all AIP and member society journals. 

These various production steps are intricate and time consuming. Typical 
scheduled times for eadi step are as follows: manuscript at AIP for copy marking 
(7 days), composition at printer (29 days), galleys with AIP or author (12 days), 
galleys at printer for paging (12 days), pages at AIP (5 days), and pages at 
o 
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printer (20 days). (Characteristics of AIP journals relating to these production 
procedures are noted in Table 2.) 

The letters journal, pioneered in physics by Dr. Samuel Goudsmit, editor 
in chief of The American Physical Society, is produced on a much faster schedule 
than that of the standard journal noted above. 

In the case of PHYSICAL REVIEW LEHERS, an example of this "streamlined" 
type of journal. Dr. Goudsmit and his staff have gone to typewriter composition, 
eliminated galley check by authors and drastically cut the refereeing time of 
these short articles called "letters." Publication of letters is often only four 
to five weeks from the time they are submitted by authors to the journal editor. 
Similar production short cuts on some of the standard physics journals could be 
instituted at increased cost with encouragement from authors and subscribers. A 
revision of editorial policy would, of course, be required before making a change 
of this magnitude in the character of a standard journal. 

Production Costs of AlP-Owned Journals 

Presentation of production costs of AlP-owned journals of Table lA can 
only be given in this brief report by grouping the costs as if the journals were 
a single journal, operated with one scientific editor, and one printing firm. 
Unfortunately, this grouping does not allow an understanding of the individual 
operations of each journal which vary enormously because of the complexity of 
the scientific content of the journal, the personal preferences of the editor for 
operational details, and the requirements of individual physics subdisciplines 
for certain types of information such as patents, bock reviews, and equipment 
descriptions. A discussion of each individual journal would require very detailed 
explanations of these complexities that are not consistent with the purposes of 
the present report. Statements of the individual variations of journals within 
a grouped cost will be made where appropriate. 
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Table 3A lists the pre-run costs of editorial work and composition: 
typesetting (or its equivalent), authors' alterations, engravings, editorial 
mechanics (or copy editing for the printer), editorial management (or scientific 
editing), costs of free reprints (in return for page charge payment), and order 
handling. Table 3B lists the costs of printing, mailing, and subscription 
handling, usually referred to as run-off or output costs. The pre-run expenses 
of Table 3A are partially covered in AlP-owned journals by page charge income, 
while the run-off expenses of Table 3B are intended to be covered by subscription 
income. The advertising income associated with the REVIEW OF SCIENTIFIC INSTRU- 
MENTS and JOURNAL OF APPLIED PHYSICS is not included in the tables. 

One over-all conclusion that can be drawn from the data of Tables 3A and 
3B concerns the variations in the pre-run costs per page and the run-off costs 
per page over the past five years. These normalized data as given in Figure 1 
demonstrate that the pre-run costs per page have had a slow but steady increase 
from about $47 per page in 1964 to almost $55 per page projected for 1969. When 
one realizes that the pre-run costs are largely salaries of compositors and 
editors, the increase of 17% over 5 years is certainly reasonable. The consumer 
price index for this same period has risen over 20%. 

A closer examination of the data in Table 3A shows that the editorial 
management (or scientific editing) costs per page went from $7.54 in 1964 to $6.57 
while the editorial mechanics (or copy editing) costs per page went from $5.87 in 
1964 to $8.90 in 1969. The decrease in the scientific editing costs per page 
while the copy editing costs increased, demonstrates the difficulty of generaliza- 
tions. The decrease in one and increase in the other suggests that there may have 
been an increasing shift of work-load from the scientific editor to the copy 
editors at AIP headquarters. The relative changes in the two costs also suggests 
changes in the content and role of the journals due primarily to choices and 
decisions by the scientific editors, 
o 
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Study of the editorial mechanics costs among the various AlP-owned non- 
letters journals shows variation from one journal to another of $7.92 to $9.02 
for calendar year 1968 while the average for the year was $8.47. Again the 
individuality of the editor and the complexity of the journal content play an 
important role here. As noted previously, these factors appear also in the 
comparable investments per page in scientific and copy editing. 

Another interesting conclusion to be drawn from the data of Table 3A 
involves the item called composition and authors' alterations. Since the authors' 
alterations are 10 to 15% of the composition costs, most of the expense in this 
item is composition cost. Composition fbr AIP- journals is mostly done by monotype 
composition. The cost of this composition method averages about $30 per page for 
a page of about 6,000 characters with a great variety of characters and a con- 
siderable amount of displayed mathematics. 

An analysis of this figure shows that journals with straight text can be 
composed for about $20 per page, while pages filled with mathematical expressions 
cost about $50 per page. Since many AIP journals have 60% text and 40% mathe- 
matical expressions, the result is about $30 per page. 

The large investments in composition costs which are more than half of 
the pre-run costs make it imperative that the AIP continually experiment with new 
types of composition and printing. AIP has had extensive experience with type- 
writer composition directly in the 13 translation journals published by AIP and 
indirectly in the production of PHYSICAL REVIEW LEHERS published by The American 
Physical Society. Additionally, one section of THE PHYSICAL REVIEW has been pro- 
duced by this technique since August 1968. The cost data are not yet fully 
established. However, the indications are that while composition costs are 
reduced by about 25%, copy editing costs are increased by 15 or 20%. The resulting 
net savings are still substantial and attractive. The diminution in typographic 

quality of the printed page has beerj acceptable to most physicists, 
o 
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Experiments dre also being done on computer-based composition. The first 
and most logical area to experiment with here is in the production of indexes 
where key-boarded material can be used multiple times. THE PHYSICAL P.EVIEW INDEX 
for 1969 is being produced by computer composition as will be our forthcoming 
awareness journal, CURRENT PHYSICS TITLES, due in mid-1970. 

The economic advantages of computer composition are still to be demon- 
strated for textual material of the type contained in AIP journals. For straight 
text and mathematical expressions where the material is key-boarded once, but 
then only used once, the costs are still higher than for monotype composition. 
Wherever possible, the multiple use factor will have to be employed to take full 
advantage of computer composition. 

In the area of run-off costs, the data Table 3B shows that printing 
and mailing are by far the major expense— 85^ of the total run-off costs and 
about 30% of total costs. Unlike pre-run costs, run-off costs are closely 
related to the number of copies printed and sold. There are some economies in 
volume here, but not nearly to the extent realized with non-recurring pre-run 
costs. As with composition, AIP personnel are continually examining more 
economical and higher quality printing sources. At the present time AIP deals 
with twenty different suppliers (printers and compositors) in the production of 
sixteen primary journals, one newsmagazine, thirteen translation journals, and 
four meeting bulletins. 

A. Page Charge Concept 

The key income item in Tables 3A and 3B is that labeled page charge 
income. This income is important because of its large magnitude and also because 
of the important separation of pre-run costs from run-off costs made possible by 
page charges. 

The acceptance of the page charge concept is demonstrated by the large 
magnitudes of money collected by this procedure. Table 4 shows the page charge 
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collectlons for 1968 for the various societies for which AIP publishes journals. 

The total was almost $2.6 million. 

The reason that U. S. physicists have almost universally accepted the 
concept is because of the two principal tenets on which the concept is based that 
are logical and now part of the method of doing U. S. research in physics. The 
two tenets are: first, that research is not complete until the new information 
it generates has been made available; and second, that research funds, therefore, 
can properly be expected to support the publication of research results. Practical 
implications of these tenets include: that the research function involves experi- 
mentation (or its theoretical equivalent) plus provision for access to its results; 
that the cost of providing such availability is as legitimate a charge against the 
research dollar as are scientists' salaries and expenditures for equipment; and 
that spending, say $99 on experimentation and $1 on disseminating the results is 
to be preferred over $100 worth of experimentation that no one ever hears about. 
After all, scientific information is one of the principal products of every 
research project, and very ofeen it is the only immediate, direct, and measurable 
one. And scientific journals published by society publishers long have been a 
major, if not the^ major, medium for the communication of new scientific information. 

Page charge income is important, as stated earlier, because of the 
separation of pre-nin costs from run-off costs. The importance comes from the 
[ radically different phenomena that influence pre-run from run-off. In the case 
of pre-run, costs have been determined by personnel salaries and changing pro- 
duction methods; while run-off has been influenced by changing subscription rates, 
number of subscribers, and output formats. The availability of page charges has 
allowed the separate adjustment of page charges and subscription prices. Sub- 
scription prices are adjustable only once a year, but page charges can be changed 
at apy time with the approval of the AIP Governing Board for AlP-owned journals. 

The pre-run costs and delays can be influenced by the requirements of the authors 
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or the scientific editors working in behalf of the authors. The subscriber to 
the output product— the printed journal— should not be influenced by these pre-run 
phenomena; and he is not affected under the page charge plan. It is, in short, a 
very stablizing influence. 

In order that authors and their institutions can develop a confidence in 
the page charge plan, the AIP Governing Board has carefully controlled the establish- 
ment of a page charge sc that it is consistent with the pre-run costs of producing 
a journal. It will be noted in Table 3A that the page charge income has been 
less than the pre-run expense in every year, and that the subscription income has 
had to make up the deficit. The attempt has been to adjust the page charges to 
the pre-run costs per page assuming lOOt honoring of the page charge. If the 
adjustment has been made exact, then authors' institutions pay only for the pre- 
run costs of their author's pages and not for the pages published for authors in 
institutions that do not pay the page charges. 

B. Recent Experiences with Page Charges at AIP 

As a result of an educational process over the years since 1930, nearly 
all physicists have accepted the page charge concept and have generally been able 
to secure tiie cooperation of their institutions in honoring this obligation. 

However, during the late fall of 1968 cutbacks in funding of the physical sciences 
by the National Science Foundation and other funding agencies produced a major 
financial crisis in the funding of U. S. physics and of physics publications. The 
result was a dramatic reduction in the honoring of page charges. The JOURNAL OF 
CHEMICAL PHYSICS which characteristically has had 72% honoring dropped to 50% 
honoring by January 1969. Whereas previously most of the non-honoring of page 
charges came from foreign institutions and from traditionally hardship cases, a 
high percentage of the non-honoring in January 1969 came from some of the largest 
U. S. research laboratories. The non-obi igatory nature of the page charge made it 
possible for these laboratories to take advantage of the system and to avoid making 
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other cuts in their expenditures for research. 

The severity of the problem for AIP can be demonstrated by the magnitude 
of the income due in principle but not realized because of the non-honoring of 
pag» cfr:rges as noted in Figure 2. Income losses of these magnitudes were 
intolerable because AIP and its societies have no other separate resources to 
cover the losses if they were to continue for any extended period. The two 
physics organizations that experienced the greatest Ocrnomic difficulties because 
of reduced page charge collections were The American Physical Society and the 
American Institute of Physics; other societies suffered proportionately as 
severely as the APS and the AIP, but the dollar amounts were less. The APS and 
AIP adopted essentially the same techniques for dealing with the situation. 

The AIP instituted a minor, but important, procedural change in the 
request for certification of page charge honoring, and a major policy change in 
the handling of a manuscript for which, an authors' institution does not honor the 
page charge levy. The procedural change was described in an Editi Hal in the 
Oeceni)er 1968 issue of PHYSICS TODAY and in the new Publication Charge Certification 
Form. An explanatory statement accompanying the PCCF is sent to each author. 

Under the procedural change, the order form, which requests certification 
that page charges will be honored, is mailed to the author by the editor of a 
journal at the time the editor informs the author his article has been accepted 
for publication, llie response from the author's institution is sent directly 
to the AIP. 

The policy change results in the differential handling of manuscripts 
for which the page charge will or will not be honored. If the page charge is to 
be honored, then the manuscript takes its turn in normal sequence for publication 
processing. If the page charge is not to be honored, the manuscript has been 
delayed approximately three months (two months for the APS journal , THE PHYSICAL 
REVIEW) beyond the normal tentative issue date during most of 1969. 
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Delay time is the same for all AIP journals and is adjustable 
during the calendar year. The magnitude of the delay was fixed by consideration 

of the number of pages without page charge support that the journals could afford 
to publish in 1969. 

The differential handling of manuscripts is being called the two-track 
system of processing manuscripts. This is an emergency measure that will be con- 
tinued only as long as necessary. It is the logical result of the need fbr 

establishing a restrictive page budget during 1969 in order not to incur unacceptable 
deficits. 

The two-track system avoids making page charges mandatory. Papers are 
still selected for publication on the basis of their merit by editors and referees, 
without knowledge or concern as to whether page charges will be honored. At the 
same time, the new procedure has impressed authors and their institutions with 

the fact that payment of page charges is essential to the economic survival of 
the journals. 

The response to the new policy and procedure and to the reminder of the 
need for financially supporting the primary journals has been positive and very 
encouraging. The cumulative honoring percentages for AlP-owned journals as shown 
in Figure 3 and Figure 4 demonstrate the dramatic recovery up to present averages 
of 80%. This is a striking testimony to the support by the physics community of 
their basic communication mechanism, the primary research journal. 

Redesign of the Primary Journal in Physics 

The recovery from the financial crises of 1969 and the establishment of 
new controls and procedures for page charge collections insures the continuation 
for the immediate future of AIP journals with operational and editorial policies 
that have been so important in the development of physics in the U. S. Let us 
therefore examine the future prospects of the journals and the important involve- 
ment of economics, 
o 
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As stated above, AIP journals are produced to serve individual subscribers. 
Unfortunately, individual subscriptions to journals are not increasing es fast as 
the population of physicists is increasing. The reasons are clear. 

A basic reason is economics. Even though a menber can subscribe at 
phenomenally Iom prices per page, the number of pages to which he should subscribe 
is going up so fast that the absolute subscription cost is becoming intolerably 
high for an individual meitber. The solution for a growing number of physicists is 
the photocopying of pgges out of library journals. Even though the photocopying 
costs may be ten times the subscription cost per page, the selectivity provided 
by the physicist makes his own customized “separates" journal attractive and 
rel a ti vely i nexpens i ve . 

The experiences with photocopying are going to be turned to the advantage 
of the physics community because of the pressures on AIP to provide published 
information in a variety of formats including the photocopying format. If 
physicists and astronomers want the original journals (i.e., hard-copy journals), 
or microfilm or microfiche versions, or photocopied pages, or bibliographic 
computer tapes, or coiribi nations of these formats, AIP is developing the production 
and distribution techniques to provide them. 

Page charges allow and encourage the development and sale of these 
various formats of the journal because the charges essentially cover the. costs of 
producing one copy of the journal. Any number of other formats based on that one 
journal copy can be produced and sold at close to the production cost of each 
individual format. Thus page charges are encouraging AIP to examine other and 
more profound changes in the primary journal system. 

With financial support from the National Science Foundation, AIP has 
undertaken a study of such changes to solve the growing infovmation problems of 
the physics community. One such solution may be the redesign and operation of 
the primary journal system in a two step process: 
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1. Non-duplicating publication in archival journals that cover 
many subdisciplines as at present. 

2. Republication with as much duplication as needed in selective 
smaller packages designed to fit the desires of specific groups 
of physicists, other scientists, and engineers as determined by 
standard interest profiles. The packages are being called User 
Journals as contrasted to the archival journals of step 1. 

Analyses of the implications of user journals on the present archival 
journal system^ as well as extensive discussions with editors, advisory conmittee 
on the AIP Information Program, and AIP Governing Board will be necessary before 
any redesigned journal system including user journals can be put into effect. 

Conclusion 

Primary journals published by the American Institute of Physics have 
provided an indispensable communication mechanism for the results of research and 
education in physics and astroncmy. This mechanism has been produced economically 
in cost and time along with its emphasis on quality, objectivity, and general 
service. 

The temporary crises with AIP journals in 1969 because of the nonpayment 
of page charges were not rooted in a concern of physicists about the continued 
utility of the journal system or about poor production standards, but were based 
on a faulty procedure for allowing authors' institutions to accept the page 
charge obligation. As a result of improved procedures, no future problems with 
page charge collections are anticipated and AIP fully expects an important and 
continued role for its primary journal system. 
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*Societies are: (AAPT) American Association of Physics Teachers; (OSA) Optical Society of America; 

(AAS.> American Astronomical Society; (APS) The American Physical Society; 

(ASA) Acoustical Society of America 
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Table 2 



Characteristics of AlP-Published Journals 



1. No. of words per page 

2. No. of characters per page 

3. Size of character set 

4. Average length of journal article 

5. No. of suppliers (compositors -printers) used 
by AIP in 1969 journal publishing program 

6. No. of journal pages published per year (1969) 



900-1,050 

6,000 

1,200 different characters 
7.5 pages 

20 

88,000 
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Table 4 

ACTUAL PAGE CHARGE COLLECTIONS FOR 1968 



Journals of 



Amount 



The American Physical Society* 

The Optical Society of America* 

Acoustical Society of America* 

American Association of Physics Teachers* 
American Astronomical Society* 

Society for Applied Spectroscopy** 
American Vacuum Society** 

American Institute of Physics 

Total 



$ 1,261.632 
92,877 
90,910 
15,110 
49,028 
12,387 
7,145 
1,089,380 

$ 2,618,469 



* Member Society 
** Affiliated Society 




30 October I 969 



AlP ARCHIVE JOURNALS 
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COST PER CORRECTED PAGE 
(DOLLARS/PAGE) 




Income Losses 1n Page Charge Collections 
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